A total of 36 high-producing F1 (Landrace x Yorkshire) gilts and sows were used to determine total body minerals as influenced by initial breeding weight, age, and reproductive state. Four gilts at 9 mo of age were killed at 120, 135, or 150 kg BW for the determination of total body ash and minerals. An additional two gilts from each weight group were maintained in a nonpregnant state until 24 mo of age and then killed, and six sows from each breeding weight group were killed after completing three reproductive cycles (i.e., 24 mo of age). Total body minerals were quantified from the mineral analysis of all body components, including blood. The mineral spectrum of 25 elements was determined by the Inductively Coupled Plasma spectroscopic method. The results suggested that as BW increased at 9 mo of age, P, K, Na, and Cu contents seemed to reach a plateau at 135 kg BW, whereas Ca increased. Nonpregnant gilts at 24 mo of age had higher ( P < .01) body mineral contents than at 9 mo and Ca, P, Mg, K, and Na linearly increased ( P < .O 1) as body weight increased in the older gilts. When sows had completed three reproductive cycles, Ca, P, Mg, K, Na, Al, Zn, and Cu contents were lower ( P < .O 1) than those in similarly aged, nongravid gilts. A comparison of two sow groups that differed in productivity demonstrated that when average 21-d litter weaning weights for the three-parity period were > 60 kg, Ca ( P < .05), P ( P < .08), and Zn ( P < .05) sow body mineral contents were lower than when litter weaning weights were < 55 kg. Milk mineral compositions at 21 d postpartum of third-parity sows were similar between the three breeding weight groups. Calculated litter mineral accretions suggested that a minimum daily milk production of 8 to 11 kg was necessary to meet the Ca and P needs of 8 to 10 nursing pigs.
Introduction
High-producing sow genotypes are generally considered to have heavier mature weights and larger skeletal frame sizes than the three-way genetic crosses traditionally used in the United States. Although a 120-kg breeding weight is suggested for gilts by NRC (19881, Newton and Mahan (1993) demonstrated that when high-producing gilts were J. Anim. Sci. 1995. 73:151-158 bred at 135 vs 120 kg BW, the heavier group consumed more feed and lost less body weight during lactation. The 135-kg BW group also had a lower percentage exhibiting anestrus and a higher percentage farrowing after being bred on their first estrus postweaning than the lighter-weight gilts. Heavier initial breeding weights of similarly aged, high-producing gilts would not only provide more body fat for subsequent reproductive needs; they would also have a higher body mineral content as a result of their larger skeletal frame. Because first-litter gilts continue to develop muscle and skeletal tissue and because feed intake is restricted during gestation, an initially higher body mineral content at breeding may ultimately be desirable.
There is some information available on the mineral composition of growing gilts (Spray and Widdowson, 1950; Rymarz et al., 1982; Rymarz, 19861 , but none that evaluates the effects of reproduction or sow productivity on total body mineral contents. Both hard and soft tissue mineral reservoirs may be depleted over several reproductive cycles if the dietary minerals do not meet the animal's requirements.
This study determined the total body mineral content in female swine weighing 120, 135, or 150 kg at the time of their initial mating and then compared these mineral contents to those of gilts that remained nongravid to 24 mo of age. The mineral contents of older, nongravid gilts were then compared to the body mineral contents of sows that had gestational and lactational demands imposed upon them over a threeparity period.
Materials and Methods

Animals and Management.
A total of 36 F1 (Landrace x Yorkshire) gilts and sows selected from a previous experiment (Newton and Mahan, 1993) were used in this study to evaluate the effect of initial breeding weight (120, 135, or 150 kg) and the subsequent effects of reproduction over a three-parity period on total body mineral content. Diet compositions, feeding programs, and management conditions were previously described (Newton and Mahan, 1993) .
At 8 mo of age, six gilts from each breeding weight group were randomly selected for the determination of total body ash and mineral content. Four of these gilts per weight group were killed at 9 mo of age and two remained nongravid until the reproductive phase of the experiment was completed (i.e., 24 mo of age). The latter group was fed 1.82 kg of the gestation diet once daily during parity 1 and 2.1 kg during the time frame of parities 2 and 3. Six sows from each breeding weight group that had completed three parities and nursed a minimum of eight pigs per litter during each lactation were randomly selected from those meeting this standard and were subsequently killed after weaning their third litter at an age of approximately 24 mo.
Slaughter and Sampling Procedures. Gilts and sows
were weighed at the farm and transported to The Ohio State University, Animal Science Meat Laboratory (Columbus). They were retained in holding pens without access to feed for approximately 12 h before being killed, but water was available on a free-choice basis.
Conventional slaughter techniques were used in the killing process. The animals were electrically stunned and killed by exsanguination, but blood was not collected. Ingesta were manually stripped and the residue rinsed with water from the intestinal tract. Internal organs, head, and all viscera removed from the carcass were collected, composited, weighed on a fresh basis, placed in a polyethylene bag, and frozen at -20°C for approximately 96 h. The hot carcass was weighed, split longitudinally through the midline, and chilled at 2°C for 24 h. After chilling, each side was weighed to estimate the amount of evaporative water loss. The right side of the carcass was wrapped in a polyethylene bag and frozen at -20°C for approximately 96 h.
Upon removal from the freezer, the frozen carcass half and composited body components were weighed to determine the amount of water loss that occurred during storage. Both the frozen carcass and the composited body components were reduced in size by sawing on a band saw, independently ground through a meat grinder (Autio 801, Autio Co., Astoria, OR) three times using a 13-mm plate, and then ground an additional two times through a 3-mm plate. Subsamples of each were placed in plastic Petri dishes, sealed with tape, and frozen at -20°C until mineral analysis was performed. The saw and grinder were dismantled, cleaned, and dried after processing each animal. Milk samples from three third-parity sows of each breeding weight group were collected at 21 d postpartum after oxytocin administration. The samples were collected from all functional mammary glands and subsequently frozen at -20°C for later mineral analysis. Whole blood samples (i.e., 10 mLj from three randomly selected sows of each weight group were collected at 1000 at breeding, 100 d postcoitum, and at weaning. Blood samples within each age period were composited by weight group and frozen at -20°C for later mineral analysis.
Mineral Analysis.
Diets and samples of corn, soybean, and dicalcium phosphate were dry-ashed at 450°C and dissolved in HC1 and 25 mineral determinations were conducted using the Inductively Coupled
Research Laboratories, Valencia, CA) method outlined by AOAC (1990) . The 25 minerals analyzed are listed in Table 1 ; those not listed in subsequent tables were at concentrations below the detectable limit of the ICP.
Samples of the ground body components and the carcass were mixed together in the same empty body weight proportions as at the time of slaughter, freezedried, and defatted using absolute ether (AOAC, 1990) . Body tissue, milk, and blood samples were wetashed in perchloric and nitric acid (AOAC, 1990 ) and analyzed for their mineral contents on the ICP. Selenium was determined from all samples by the fluorometric method of Koh and Benson ( 1983) using an ultraviolet detector (Turner filter fluorometer, Model 112, Unipath, Mountain View, CA). Total body mineral contents of each animal were calculated using the composition values from ICP and multiplying the values to the adjusted fresh empty body weight collected at slaughter. Blood minerals were calculated into the total body mineral content by assuming that the blood lost at slaughter represented 5% of the weight of the fresh empty body weight of the animals (Engelhardt, 1966) .
The body mineral content of the highest-producing sow from each breeding weight group was compared to the mineral content of the lowest-producing sow from each weight group. The criteria used for animal 153 selection for the two data sets were based on litter weaning weight at 21 d postpartum. Resulting litter weights in the lower-producing sow group averaged < 55 kg for the three-parity period, whereas the higher-producing group had litter weaning weights > 60 kg.
Milk mineral compositions were used to calculate the quantity of minerals that would have been expressed at three daily milk production levels (i.e., 5, 8, and 11 kg). In addition, mineral compositions (Mahan and Shields, unpublished data) of eight pigs at birth ( 1 . 5 kg BW) and eight at weaning (6.4 kg BW) were used in determining the accretion of body minerals. Litter mineral accretions were subsequently calculated from birth t o weaning, using a litter size of 8 or 10 pigs.
StatisticaZ Analysis. Data were analyzed using the GLM procedures of SAS ( 1985) with least squares means reported. Individual animals or litters were considered the experimental unit. Statistical analyses compared the nongravid gilts at 9 and 24 mo of age by initial breeding weight. The 24-mo-o1d, nongravid g l t s and third-parity sows were compared by their initial breeding weight and reproductive state. Regression analysis was used to evaluate the effects of initial breeding weight.
Results
Mineral analysis of diets fed during gilt development, gestation, and lactation and the major feed ingredient components constituting the diets (corn, soybean meal, dicalcium phosphate) are presented in Table 1 . All analyzed dietary mineral contents exceeded NRC (1988) requirements. The high A1 level in dicalcium phosphate was considered to be the major dietary source of A1 in the sow's body. The high dietary Fe level reflected not only the contribution from dietary ingredients, but also possible contamination from feed mixing equipment.
To document the sow reproductive performance of the 18 reproducing animals used in this study the average performance data for the three-parity period are reported in Table 2 . This data subset was generally similar to the larger data set upon which they were drawn (Newton and Mahan, 1993) . There was an increase in final body weight across increasing initial breeding weight groups at the end of the threeparity period ( P < .06) but a lower net body weight gain ( P < .O 1) as initial breeding weight increased. In this smaller data subset, daily lactation feed intakes tended to be somewhat higher but were not significant ( P > .15) as initial breeding weight increased. Litter in the heavier-weight breeding group. The main effects of reproductive state and age on body mineral content are presented in Table 3 . When gilts remained nonpregnant, body ash content and all minerals except Ba increased ( P < .O 1) from 9 to 24 mo of age, suggesting an increasing development of the skeletal mass in these animals.
Sows that completed three reproductive cycles had lower ( P < .O 1) body contents of Ca, P, Mg, K, Na, Al, Fe, Zn, B, and Sn than did the older, nongravid gilts ( Table 3 ) . The quantities of Ba, CO, Cr, Cu, MO, Mn, Se, Sr, and Ti were either similar or higher when sows had completed three parities compared with similarly aged, nongravid gilts. These results suggest that the dietary concentrations of these latter minerals were minimally influenced by sow reproductive demands, at least by the dietary mineral levels provided to these animals. The effect of initial breeding weight on body mineral content was evaluated within both the 9-and 24-mo nongravid gilts. Although regression analysis showed a linear increase ( P < .01) in body ash, Ca, P, K, Na, and Cu contents as initial body weight increased with the 9-mo gilts, a plateau in these body mineral contents, except Ca, was suggested at 135 kg BW. In the 24-mo, nongravid gilts, body mineral content, however, increased linearly ( P < .01) as initial body weight increased (Table 4 ). The age x breeding weight interaction was, however, not significant ( P > .15). There was a linear increase ( P < .05) in Mg, Al, Zn, Se, and Ti body mineral contents as initial breeding weight increased with the nongravid group at 24 mo but not with the 9-mo age group. The interaction response between age and initial breeding weight was not significant ( P > .15).
Sows in the initially heavier weight group that originally had higher body mineral contents at 9 mo of age also had higher body mineral contents at the end of three parities compared to their respective lighter weight groups (Table 4) . Apparent body Ca and P losses were influenced by their initial breeding weights with the 24-mo nongravid gilts and their breeding weight counterparts that had completed three reproductive cycles. Larger body Ca and P differences occurred between the 135-and 150-kg nongravid and reproducing groups than between those two groups and the 120-kg group. Only P resulted in a breeding weight x age interaction ( P < .05).
The higher-producing sows with average 21-d litter weaning weights > 60 kg had lower Ca ( P < .05), P ( P < .lo), and Zn ( P < .05) body mineral contents than the sow group with litter weights < 55 kg, whereas other body minerals were similar ( P > .20; Table 5 ) between the two groups. Milk composition at 21 d postpartum did not differ between the three sow breeding weight groups; therefore, the mineral compositions of the milks were averaged and subsequently used to calculate the amount of each mineral that would be expressed at three milk production levels. Litter mineral accretions from birth to an average pig weaning weight of 6.4 kg BW were used to indirectly calculate the daily quantity of milk needed to be expressed to produce a litter of 8 or 10 pigs with an average pig weaning weight of 6.4 kg ( Table 6 ). These calculations suggest that the accretion of Ca and P needed by the nursing litter requires a daily milk supply of at least 8 to 11 kg for a litter of 8 to 10 pigs. The amount of milk needed by nursing pigs for the other minerals seems to be met by a lesser quantity of milk per day. These calculations do not, however, include an estimate of the acornparison of nongravid gilts at 9 vs 24 mo of age differed ( P < .01). bComparison of the 24-rn0, nongravid gilts differed ( P < ,011 from the 24-rn0, three-parity sow group. 155 apparent digestibility of the various minerals from sow milk. The resulting lower body Ca and P contents of third-parity sows when 21-d litter weaning weights were > 60 kg confirms the greater nutritional requirement for these minerals. The calculations also imply that the dietary Ca and P levels provided to these sows were inadequate and that body mineral reservoirs were subsequently mobilized to mammary tissue for incorporation into milk. Milk production from highproducing sows may be higher than previously estimated and may be at least 11 kg/d during a 21-d lactation period to provide the necessary Ca and P for the litter.
Discussion
The quantity of all minerals deposited in the growing, nongravid gilt was shown to increase as body weight increased by both 9 and 24 mo of age. The deposition of some minerals (i.e., P, K, Na, and Cu) seemed to reach a plateau at 135 kg BW by 9 mo of age with no further increase when the gilts had attained a weight of 150 kg. Potassium is largely an intracellular mineral, principally found in muscle tissue, implying that muscle accretion was maximum at 135 kg BW with this feeding program at 9 m0 of age, whereas additional weight can be largely attributed to fat deposition. The lower body K content ( P .O 1) of the reproducing sow group than of the aged nongravid group suggests that body muscle was catabolized in addition to body fat, which is attributable to the reproductive demands in this group. At 24 mo of age within each weight group, body mineral contents were higher than at 9 mo. The higher quantities of body minerals by 24 mo of age suggests that additional hard and soft tissue growth occurred, which resulted in higher quantities of the minerals deposited in the body.
Although the effects of dietary Ca and P levels fed to replacement gilts have previously been shown to affect subsequent leg soundness after reproduction (Nimo et al., 19811, other results have not been as conclusive (Kornegay et al., 1985) . Our results suggest that with the high dietary levels of Ca and P provided in this experiment (.g5 and .72%, respectively) to growing gilts there still was an increased deposition of Ca with increasing weight and an increase in P to at least 135 kg BW by 9 mo of age. Rymarz et al. (1982) and Rymarz (1986) demonstrated that the body content of Ca, P, K, and Na increased in growing gilts from 8.5 t o 12.5 mo of age. Their response is consistent with our data, but we additionally demonstrated a higher deposition of all minerals in nongravid gilts from 9 to 24 mo of age.
The effects of gestation and lactation demands resulted in a decline in body mineral contents when sows that had completed three reproductive cycles Sn  180  247  253  336  414  336  292  282  338  3Sabd  Sr  215  260  269  255  300  299  297  291  317  34b  Ti  442  404  360  509  428  651  517  483  511  42ac aThis row contrasts 9-mo vs 24-mo (nongravid; P < .01) gilts.
bThis row contrasts the 9-mo gilts and results in a linear effect ( P < ,011 on breeding weight.
'This row contrasts the 24-mo (nongravid) gilts and results in a linear effect ( P < .01) by breeding weight. dThis row contrasts 24-mo (nongravid) gilts vs third-parity sows ( P ,051.
eThis row contrasts breeding weight x age (9-and 24-mo [nongravidl gilts) and results in an interaction effect (P < .05). fThis row contrasts 24-mo (nongravid) gilts vs third-parity sows ( P < .01).
Whis row contrasts 24-mo (nongravid) gilts vs third-parity sows ( P < .lo).
hThis row contrasts breeding weight x age (9-and 24-mo [nongravidl gilts) and results in an interaction effect ( P c .01).
were compared to the older, nongravid gilts. This decline was particularly evident for Ca, P, Mg, K, Na, and Zn. The need for higher dietary mineral levels and perhaps the need for a higher initial mineral reserve at breeding, particularly Ca and P, with highproducing genotype sows was more apparent when sow groups with differing litter weaning weights were compared. Body Ca and P contents of those sows with litter weights < 55 kg at 21 d postpartum were higher than those of sows that had litter weights > 60 kg. The depletion of mineral reserves in sows with higher production levels may help to explain the inconsistent responses from other research reports regarding bone ash and subsequent leg soundness problems that occurred. Kornegay et al. (1985) and Maxson and Mahan (1986) demonstrated that dietary Ca and P above current NRC ( 1988 1 levels did not affect leg soundness or bone ash percentage during a 21-d lactation over a two-to three-parity period using three-way cross animals. Maxson and Mahan (1986) demonstrated, however, that sow bone ash was lower when sows nursed larger litters and had heavier litter weaning weights, suggesting that higher milk production resulted in greater sow bone demineralization. A further examination of their data, however, indicates that their litter weaning weights at 21 d postpartum were less than the 55-or 60-kg weaning weights of the two sow productivity levels compared in our study. It would thus seem from the report of Maxson and Mahan (1986) (1988) . Maxson and Mahan (1986) previously suggested that a larger litter size affects the Ca:P status in reproducing sows. Litter mineral accretions calculated from our data concur with that conclusion, and further suggest that a minimum daily milk production of 8 to 11 kg is essential to attain the necessary mineral accretions, particularly Ca and P, in a litter of 8 to 10
pigs with 21-d litter weaning weights > 60 kg. aMinerals that were below the detectable limit of the ICP equipment included MO, Pb, Cd, Ni, C O , Ba, bA total of nine milk samples (three per weight group) were collected a t 21 d postpartum from third-"Pig mineral accretion data are derived from the data of Mahan and Shields (unpublished).
Sn, Ti, Hg, As, Li, and Sb. parity sows.
Implications
Higher initial breeding weights at 8 to 9 mo of age will result in larger quantities of macrominerals deposited. When high-producing female swine have gestational and lactational demands placed on them, body minerals decline, particularly Ca, P, and Zn.
Sows weaning heavier litters will have higher dietary mineral requirements and subsequent lower body Ca and P contents than sows of lower productivity. Litter mineral accretion values suggest that a daily milk production of 11 kg seems to be necessary to provide the necessary Ca and P for a litter weighing > 60 kg at 21 d of age.
